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ABSTRACT

An updated compilation of 300 E.coli mRNA promoter
sequences is presented. For each sequence the most
recent relevant paper was checked, to verify the
location of the transcriptional start position as identified
experimentally. We comment on the reliability of the
sequence databanks and analyze the conservation of
known promoter features in the current compilation.
This database is available by E-mail.

INTRODUCTION

We present an extensive compilation of E. coli mRNA promoter
sequences, based on experimentally identified transcriptional start
positions (1—200). Previous compilations of E.coli promoter
sequences (201—203) comprise one of the most extensively
studied datasets of sequences with a common function. These
sequences have been used in studies attempting to extract
sequence dependent features that correlate with promoter function
(204—207) and with its specific recognition by RNA polymerase
(208 —210). In many studies, E. coli promoter database has been
used as a test case to evaluate the efficiency of various algorithms
aimed to identify consensus sequences (211 —215). Our interest
is in identifying sequences dependent characteristics that correlate
with promoter function. For such computational studies, based
on sequence data alone, the accuracy of the sequence data is
essential. We therefore carried out a careful screening of the
databanks and relevant literature and organized an expanded and
updated database of experimentally identified mRNA
transcriptional start positions and their corresponding promoter
sequences, to be used in further studies. We believe that this
updated database of E. coli promoter sequences will be useful to
other researchers as well. The sequences can be obtained by
E-mail upon request to HANAH@HUMD2 . HUJI.AC.IL

COMPILATION PROCEDURE

The compilation includes 300 DNA sequences extracted from
Genbank release 71 and EMBL release 30. For every mRNA
promoter the relevant paper was checked to verify that the
transcriptional start position as annotated in the databanks had
been determined experimentally. When there were recent papers
on promoters reported in previous compilations (202—203), or

in previous versions of the databank, we checked if a more
accurate identification procedure of the transcriptional start
position had been carried out, and, when necessary, put in the
appropriate corrections. Most of the promoters had been identified
either by S1 nuclease or primer extension mapping strategies.
For some promoters, sequencing of the mRNA or in vitro
determination of the transcript size had been performed. In cases
where there were previous S1 nuclease mapping and more recent
mapping by primer extension, we referred to the position
determined by the last procedure. When there were discrepancies
between the literature and the information in the databanks, we
used the information from the literature.

The sequences listed in Fig. 1 are aligned by the transcriptional
start positions (indicated by lower case letters), and extend from
—75 to +26 relative to the transcriptional start position. In
sequences with several identified start positions, all the positions
indicated in the experimental paper were marked, and the most
prominent one was used for the alignment. Where no major start
position was proposed in the experimental paper, the alignment
was done by one nucleotide, preferably A. The sequences are
listed alphabetically by the promoter name. Usually, the name
of the promoter indicates the name of its gene. In several cases,
the experimental papers assign to promoters names with no
reference to their genes. These names were used in the
compilation and are marked by a ~. Also listed are the
corresponding references and the transcriptional start positions
on E.coli chromosome in centisomes. Locations in centisomes
are based on the file EcoSeq5 that contains the E. coli genes and
their locations on the chromosome in base pairs (216). To get
the centisome coordinates we divided each location in 46722 (1%
of the genome size in EcoSeq5).

COMPILATION REMARKS

The ultimate goal of the sequence databanks is to serve as reliable
sources of information regarding biological sequences. It should
be possible to automatically extract sets of sequences of interest
from the databanks and use them as databases for statistical and
computational analyses, aimed to reveal new biological and
structural facts that are encoded in the sequence. While generation
of such databases is technically easy, we found that their reliability
is not satisfactory. Especially, we would like to consider two
points.
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Gene Transcriptional start position Reference centisomes
{

aceB CAACAAGTTATCAAGTATTTTTAATTAAAATGGAAATTGTTTTTGATTTTGCATTTTAAATGAGTAGTCTTAGTTgTGCTGAACGAAAAGAGCACAACGAT (1) 90.87
aceE ATCAAGCGCATATAAAAGCGCGGCAACTAAACGTAGAACCTGTCTTATTGAGCTTTCCGGCGAGAGTTCAATGGGACAGGTTCCAGAAAACTCAACGTTAT (2) 2.64
ada TTCCTTGTCAGCGAAAAAAATTAAAGCGCAAGATTGTTGGTTTTTGCGTGATGGTGACCGGGCAGCCTAAAGGCtAaTCCTTAACCAGGGAGCTGATTATGA (3) 49.71
alas AGATTTGGCGAAATTTTGCCGACTGAACGCATACGGTATTTTACCTTCCCAGTCAAGAAAACTTATCTTATTCCCACTTTTCAGTTACCAGCCCGGCGGTT (4) 58.10
alkA AGCGAAATGTTGCCGTCGCGACAACCGGAATATGAAAGCAAAGCGCAGCGTCTGAATAACGTTTATGCTGAAAGCGGATGAATAAGGAGATGCGATGTATA (5) 46.21
amn-P1 GCTTGATAGCCTGGCGAAGATCATCCGATCTTCGCCTTACACTTTTGTTTCACATTTCTGTGACATACTATCGGAtGtGCGGTAATTGTATGGAACAGGAG (6) 44.25
amn-P2 GGCGAAGATCATCCGATCTTCGCCTTACACTTTTGTTTCACATTTCTGTGACATACTATCGGATGTGCGGTAATTGt at GGAACAGGAGACACACATGAAT (6) 44.25
ampC GGCAAATGGGTTTTCTACGGTCTGGCTGCTATCCTGACAGTTGTCACGCTGATTGGTGTCGTTACAATCTAACGCATCGCCAATGTAAATCCGGCCCGCCT (7) 94.40
ansB TTTAATTCTTCGTTTTGTTACCTGCCTCTAACTTTGTAGATCTCCAAAATATATTCACGTTGTAAATTGTTTAACGTCAAATTTCCCATACAGAGCTAAGG (8) 66.77
araBAD CCATAGCATTTTTATCCATAAGATTAGCGGATCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTTTTTTGGATGGAGTGAAAC (9) 1.51
araC TGGCATAGCAAAGTGTGACGCCGTGCAAATAATCAATGTGGACTTTTCTGCCGTGATTATAGACACT TTTGTTACGCGTTTTTGTCATGGCTTTGGTCCCG (10) 1.52
arakE GTCGCAGCAATTTAATCCATATTTATGCTGTTTCCGACCTGACACCTGCGTGAGTTGTTCACGTATTTTTTCACTATGTCTTACTCTCTGCTGGCAGGAAA (11) 64.22
araFGH GCACGTTCTCACTGTAATTCTGCGATGTGATATTGCTCTCCTATGGAGAATTAATTTCTCGCTAAAACTATGTCaaCACAGTCACTTATCTTTTAGTTAAA (12) 42.81
araJ TAACTATTCAGCAGGATAATGAATACAGAG! GAATTATCTCTTGGCCTTGCTGGTCGTTATCCTGCAAGCTAtCACTTTATTGGCTACGGTGATTGGT (12) 8.97
argCBH-P1 CGGTAAATCTCGATAAATGGCGGTAATTTGTTTTTCATTGTTGACACACCTCTGGTCATGATAGTATCAATATTCATGCAGTATTTATGAATAAAAATACA (13) 89.55
argCBH-P2 ATCAGAGCGCGGTAAATCTCGATAAATGGCGGTAATTTGTTTTTGATTGTTGACACACCTCTGGTCATGA (13) 89.55
argE-P1 TGCCAGGTTAAACGTAAAACATTCACCTTACGGCTGGTGGGTTTTATTACGCTCAACGTTAGTGTATTTTTATTCATAAATACTGCATGAATATTGATACT (13) 89.55
argE-p2 CTGCGGATGCAAATCGGAGATTAACTTTCCCGCATCATTGCTTTGCGCTGAAACAGTCAAAGCGGTTATGTTCATATGCGGATGGCGATTTACATAGGTCA (13) 89.55
argF TTGCCTCCACCTTTGTAAGAAAGAAT TGTGAAATGGGGTTGCAAATGAATAATTACACATATAAAGTGAATTTTaaTTCAATAAGTGGCGTTCGCCATGCG (14) 6.38
argR-P1 CTTTCATAACATTATTTCAGCCTTCTTCAGGGCTGACTGTTTGCATAAAAATTCATCTGTATGCACAATAATGTTGTATCAACCACCATATCGGGTGACTT (15) 72.85
argR-pP2 ATGCCGTGACGCAGGCATGTTTCTCAATAACGAAATTTGATAAAATCCCGCTOTTTCATAACATTATTTCAGCCTTCT (15) 72.85
aroF GACTAAATTGCCTGTGTAAATAAAAATGTACGAAATATGGATTGAAAACT TTACTTTATGTGT TATCGTTACGTCATCCTCGCTGAGGATCAACTATCGCA (16) 58.95
aroG GCTAATTCTAGGATTAATCCGTTCATAGTGTAAAACCCCGTTTACACATTCTGACGGAAGATATAGATTGGAAGTATTGCATTCACTAAGATAAGTATGGC (17) 17.01
aroH CTCGATATCATGGGCCTTAGTCGCCGAATGTACTAGAGAACTAGTGCATTAGCTTATTTTTTTGTTATCATGCTARCCACCCGGCGAGGTGTGACACACCT (18) 38.46
aroP TTTAAGCAACTCATCTTCAACCATGCATAAAGCGGGTGCATTCGCTGCCGCATACCATTATTCTTGATCTGACGGRAGTCTTTTTGTAACAATTCAAACTT (19) 2.62
asnB ATCACCATTACGTTTTTTATTTTTTCACCGCCAAATCGCTTGCGCACAGTGCTGCTTTGCGGCATTTTTTTAAACAAGCAAACACAACAAGCAACAAATAC (20) 15.18
aspC ACGTCTTGCAAAAACAGCCTGCGTTTTCATCAGTAATAGTTGGAATTTTGTAAATCTCCCGTTACCCTGATAGCGGaCTTCCCTTCTGTAACCATAATGGA (21) 21.24
atpB-P1 AGACCCCTTCTGGGGCGTCTCTGCAATAAGCGGGGGCCTGGCAGTCTTTCTGCCTAACGTTTTGTTTATGATATTEGCCTGGCGTCACCAGGCGCATACAC (22) 84.53
atpB-P2 GGCGAAGCTTTCAAAGTTCTGGCGATGTTGGTGT TACTGGTGGTGGCGTTGGCGGTTTTAAAGGCGGTATTCTTGOCGCTGATCGTTACGTGGGTTTTGGT (22) 84.53
atpl AAAATATTTAAACATTTATTCACCTTTTGGCTACTTATTGTTTGAAATCACGGGGGCGCACCGTATAATTTGACCGCTTTTTGATGCTTGACTCTAAGCCT (22) 84.54
bioA AATGTCCAGCGTGGGCGGTGAGCCATGGGGCTTCCAAAACGTGTTTTTTGTTGTTAATTCGGTGTAGACTTGTAAACCTAAATCTTTTCAATTTGGTTTAC (23) 17.52
bioB GTTGGTCAAAGGCAAGATCGTCCGTTGTCATAATCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCEACACCGAATTAACAACAAAAAACAC (23) 17.52
btuB TGTCCAGATCTTGATGAATTCCTATTTGTGAGCTACGTCTGGACAGTAACTTGTTACAACCTGTAGCATCCACTTGCCGGTCCTGTGAGTTAATAGGGAAT (24) 89.74
c62.5 AGCAAACGAGAGCAGGATCACCTGCTCTCGCTTGAAATTATTCTCCCTTGTCCCCATCTCTCCCACAtCCTGTtttTAACCTTAAAATGGGCATTATTGAG (25) 10.74
carAB-P1 GCATGAGCCACAAAATAATATAAAAAATCCCGCCATTAAGTTGACTTTTAGCGCCCATATCTCCAGAATGCCGCCGTTTGCCAGAAATTCGTCGGTAAGCA (26) 0.64
carAB-P2 TGCCGCCGTTTGCCAGAAATTCGTCGGTAAGCAGATTTGCATTGATTTACGTCATCATTGTGAATTAATATGCAARTAAAGTGAGTGAATATTCTCTGGAG (27) 0.64
carB CCAGGGGCACCCTGAAGCCAGCCCTGGTCCACACGACGCCGCGCCGTTGTTCGACCACTTTATCGAGTTAATTGAGCAGTACCGTAAAACCGCTAAGTAAT (28) 0.67
cdh GGATAATTATCAAACCCGGTGGTTTCTCGCGACCGGGTTTTTTATTTGTCACGATTTTGCGTTACCCTTGCATCTCTTTGAGGTACAGGGAAAAAAAGATG (29) 88.59
cir-pPl TCAATTCCATTTCCCTGACAAATCATGCGGATATAAAATTTAACATTTGGATTGATAATTGTTATCGTTTGCATTATCGTTACGCCGCAATCAAAAAAGGC (30) 48.33
cir-pP2 CCTGACAAATCATGCGGATATAAAATTTAACATTTGGATTGATAATTGTTATCGTTTGCATTATCGTTACGCCGCAATCAAAAAAGGCTGACAAATCAGAG (30) 48.33
clcA ATCCCGTATTGCAAAGGCTAAAAAAAGGTATTGGACCGCATGACACGCGAATCTTAGCATTCATGT TTGAAGCACCAACTCATCGGTGTTTCAACCATCAG (31) -

clpB GTACGCGTGATTTTCTTTTCACATTAATCTGGTCAATAACCTTGAATAATTGAGGGATGACCTCATTTAATCTCCAGTAGCAACTTTGATCCGTTATGGGA (32) 58.75
clpP-P1 TGAATTTTGCATGGAACCGTGCGAAAAGCCTCTTTCGGTGTTAGCGTAACAACAAAAGATTGTTATGCTTGAAATATGGTGATGCCGTACCCATAACACAG (33) 9.92
clppP-P2 TGCTTGAAATATGGTGATGCCGTACCCATAACACAGGACTAGCTGATAATCCGTCCATAAGGTTACAATCGGTACAGCAGGTTTTTTCAATTTTATCCAGG (33) 9.92
crp AACGGAAGGCGACCTGGGTCATGCTGAAGCGAGACACCAGGAGACACAAAGCGAAAGCTATGCTAAAACAGTCAGGATGCTACAGTAATACATTGATGTAC (34) 75.05
crr-p2-1 ATTTCTTTAGTATCGGCACCAATGATTTAACGCAGTACACTCTGGCAGTTGACCGTGGTAATGATATGATTTCACACCTTTACCAGCCAATGTCACCGTCC (35) 54.64
crr-pP2-11 TGCTTCTCATGCTGAAGGCAAATGGACTGGCATGTGTGGTGAGCTTGCTGGCGATGAACGTGCTACACTTCTGTTgCTGGGGATGGGTCTGGACGAATTCT (35) 54.65
cspA-Pl GTTTTCCAACCGATTAATCATAAATATGAAAAATAATTGTTGCATCACCCGCCAATGCGTGGCTTAATGCACATCAaCGGTTTGACGTACAGACCATTAAA (36) 80.10
cspA-P2 CCAATGCGTGGCTTAATGCACATCAACGGTTTGACGTACAGACCATTAAAGCAGTGTAGTAAGGCAAGTCCCTTCAAGAGTTATCGTTGATACCCCTCGTA (36) 80.10
cya GAGAATAAACGGTGCTACACTTGTATGTAGCGCATCTTTCTTTACGGTCAATCAGCAAGGTGTTAAATTGATCACGTTTTAGACCATTTTTTCGTCGTGAA (37) 86.02
CyoA GACCTGGCAGCCAAATCCAAGTAACAGGAATTTAATCATGTTTACAGTAATGTAACCTTCCCGTAAAATGCCCACACACTTTAAACGCCACCAGATCCCGT (38) 9.82
cysD GTTATTCCGTTAAGGAACTACTCATTCTAATTGGTAATTTCATTCGTTCTCTTACGCTCCCTATAGTCGAAACATGTGATGGCAAGAAAATAGCGGTATTG (39) 61.96
cysE TGAAATGCCAATAACCGAGGAAATTTATCAAGTATTATATTGCGGAAAAAACGCGCGCGAGGCAGCATTGACTTTACTAGGTCGTGCACGCAAGGACGAGC (40) 81.47
cysJIH CAGGTTAGTCGATTTGGTTATTAGTTATCGCTATCCCGTCTTTAATCCACACCGTTTGCCCCGTTAACCTTACCTECTCTTCTGTTTTATGGGCGCTGACA (41) 62.31
cyskK-P1 CATTATTTCCCTTCTGTATATAGATATGCTAAATCCTTACTTCCGCATATTCTCTGAGCGGGTATGCTACCTGTTGTATCCCAATTTCATACAGTTAAGGA (42) 54.58
cysK-P2 GTGGCTTATGCCGCCCCTTATTCCATCTTGCATGTCATTATTTCCCTTCTGTATATAGATATGCTAAATCCTTACETCCGCATATTCTCTGAGCGGGTATG (42) 54.58
dapA AAAAAACATGCATACAACAATCAGAACGGTTCTGTCTGCTTGCTTTTAATGCCATACCAAACGTACCATTGAGACACTTGTTTGCACAGAGGATGGCCCAT (43) 55.82
dapB CCCTGTTTATCATTAATTTCTAATTATCAGCGTTTTTGGCTGGCGGCGTAGCGATGCGCTGGTTACTCTGAAAACGGTCTATGCAAATTAACAAAAGAGAA (44) 0.61
dapD TGCGCTTAATAACGAGT TGCAGCAGGAAGTGCATCAGCGGTTGACAGAGGCCCTCAATCCAAACGATAAAGGGTGATgt GTTTACTGATATGAAAAGAGTT (45) 4.11
deo-P1 TGGCAGGGTTCTGTCGAGGTAACGCCAGAAACGTTTTATTCGAACATCGATCTCGTCTTGTGTTAGAATTCTAACATACGGTTGCAACAACGCATCCAGTT (46) 99.49
deo-P2 GCAAACTTGTAAGTAGATTTCCTTAATTGTGATGTGTATCGAAGTGTGTTGCGGAGTAGATGTTAGAATACTAACAAACTCGCAAGGTGAATTTTATTGGC (46) 99.50
deo-P3 AAACTTGCCGATAAAGCACCGGAAAGCACACCAACTGTCTATCGCCGTATCAGCGAATAACGGTATACTGATCTGATCATTTAAATTTGAAGCACTGAGTA (47) 99.55
div AACAAGGATTTTCACGTTTGTGTTACCTGTATGAGACGAGAGTTAACCGGACAAGTGTGCCATAATCTCGCGGCCAGGCATACTTGCGAAGATTTCAGGTA (48) 52.57
dnaA-P1 TCTATGGTCATTAAATTTTCCAATATGCGGCGTAAATCGTGCCCGCCTCGCGGCAGGATCGTTTACACTTAGCGAQTTCTGGAAAGTCCTGTGGATAAATC (49) 83.65
dnaA-P2 GAAAGTCCTGTGGATAAATCGGGAAAATCTGTGAGAAACAGAAGATCTCTTGCGCAGTTTAGGCTATGATCCGCggt ccCGATCGTTTTGCAGGATCTTGA (50) 83.65
dnakK-P1 AAAAGCACAAAAAATTTTTGCATCTCCCCCTTGATGACGTGGTTTACGACCCCATTTAGTAGTCAaCCGCAGTGAGTGAGTCTGCAAAAA (25) 0.26
dnakK-P2 AACCGCAGTGAGTGAGTCTGCAAAAAAATGAAATTGGGCAGTTGAAACCAGACGTTTCGCCCCTATTACAGACt CACAACCACATGATGACCGAATATATA (25) 0.27
dnaN-P1 AAAAAGGCCGACGAAAACGACATTCGTTTGCCGGGCGAAGTGGCGTTCTTTATCGCCAAGCGTCTACGATCTAACGTaCGTGAGCTGGAAGGGGCGCTGAA (51) 83.63
dnaN-P2 CATCGACTTCGTGCGTGAGGCGCTGCGCGACTTGCTGGCATTGCAGGAAAAACTGGTCACCATCGACAATATTCAQAAGACGGTGGCGGAGTACTACAAGA (51) 83.62
dnaN-P3 GACTTGCTGGCATTGCAGGAAAAACTGGTCACCATCGACAATATTCAGAAGACGGTGGCGGAGTACTACAAGATCAAAGTCGCGGATCTCCTTTCCAAGCG (51) 83.62
dnaN-P4 CGGTGCTTCATGCCTGCCGTAAGATCGAGCAGTTGCGTGAAGAGAGCCACGATATCAAAGAAGATTTTTCAAATTEAATCAGAACATTGTCATCGTAAACC (51) 83.62

dnaN-P5 AGAAGATTTTTCAAATTTAATCAGAACATTGTCATCGTAAACCTATGAAATTTACCGTAGAACGTGAGCATTTATEtAAAACCGCTACAACAGGTGAGCGGT (51) 83.62
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dnaQ-P1 CTCCATACGGTTGTTGGTGGTGCGGGTGTAGCCAGCGCTAAAGGTTTTCTCGCGTCCGCGATAGCGTAAAATAGCGCCGTAACCCCCAGGTCCTGGATTGC (52) 5.23
dnaQ-P2 CCCCAGGTCCTGGATTGCCCAGACACGAACCATCGGTGAAAATTTCTACCTGTTTAAGCATCTCTGGTAGACTTCETGTAATTGAATCGAACTGTAAAACG (52) 5.23
dnaT TGGTGCGTTATCCATCGGTCTTTCCATTCCTGGATTATGGTTGTACCGCAAGCCCCTCGCGTATAAAATTGCCTCGCTTAAGCACACGGATGAGAGACAGC (53) 99.18
drpA AAGTCTTTGCGCTGGAACCGCGTTAAATTCACGCCCTTCTCTTTTGACATTTCTTTTGCACTGGTAAACTAAATCACTTTTTTTTGTCCCAGGCTCGCCTT (54) 4.85
dsda TACGGACTCGCTTTTCTGGCTAGTGAAGCAATATTGCGGCGCTACGCTCAATGAAACATTTAAATACTATACGACAGCGACATTTATCGCTTCAGTCGTCG (55) 53.48
fabB TAAGGCTGCGCAAATTTCTCTATTAAATGGCTGATCGGACTTGTTCGGCGTACAAGTGTACGCTATTGTGCATTCGAAACTTACTCTATGTGCGACTTACA (56) 52.65
fadlL GTTTCTTAGATCATATTTGAAAAAAGATAGAAACATACTTGCAACATTCCAGCTGGTCCGACCTATACTCTCGCCACTGGTCTGATTTCTAAGATGTACCT (57) 53.07
fdhF TTTGAATAAATAGTGCCCGTAATATCAGGGAATGACCCCACATAAAATGTGGCATAAAAGATGCATACTGTAGTCQAGAGCGCGTATGCGTGATTTGATTA (58) 92.64
fepA GCCGTCACACCATAACCCCATGTTTACTGTGCAATTTTTCATTGATTGCAGAAATATATTGATAATATTATTGATAaCTATTTGCATTTGCAATAGCGTAA (59) 13.27
fes TAATTAATGTCCGCGCTTCCCACGGCGCGCCATTACGCTATTGCAAATGCAAATAGTTATCAATAATATTATCaAtATATTTCTGCAATCAATGAAAAATT (59) 13.27
flaA AACGTCAGAGGTAGCACCGTAATCCGCGTCTTTTCCCCGCTTTGTTGCGCTCAAGACGCAGGATAATTAGCCGATAAGCAGTAGCGACACAGGAAGACCGC (60) 43.51
frd AGCCCTCTTGCGCACTAAAAAAATCGATCTCGTCAAATTTCAGCATTATCCATCAGACTATACTGTTGTACCTATAAAGGAGCAGTGGAATAGCGTTCGCA (61) 94.48
fuma AGTAACCTGGAGCCGCAAAAAGTCGTACTAGTCTCAGTTTTTGTTAAAAAAGTGTGTAGGATATTGTTACTCGCTE t tAACAGGGCAACGGAACACCCGCC (62) 36.32
fur-Pa GCCACGTTTTTATTAACAATATTTGCCAGGGACT TGTGGTTTTCATTTAGGCGTGGCAATTCTATAATGATACGCATTATCTCAAGAGCAAATTCTGTCAC (63) 15.44
fur-Pb AAGCTGTGCCACGTTTTTATTAACAATATTTGCCAGGGACTTGTGGTTTTCATTTAGGCGTGGCAATTCTATAATGATACGCATTATCTCAAGAGCAAATT (63) 15.44
g30k-rpmF-P1  AGGCTAAAATAAGTTTAGGCATATTTTTTTCCATCAGATATAGCGTATTGATGATAGCCATTTTAAACTATGCGCETCGTTTTGCAGGTTGATGTTTGTTA (64) 24.79
g30k-rpmF-P2  ATTATTGGCAAAAGGCAACCACAGGCTGCCTTTTTCTTTGACTCTATGACGTTACAAAGTTAATATGCGCGCCCTRTGCAAAAGGTAAAATTACCCCTGAC (64) 24.78
gal-Pl AATTCTTGTGTAAACGATTCCACTAATTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATACCATAAGCCTAATGGAGCGAATT (65) 17.14
gal-P2 GGCTAAATTCTTGTGTAAACGATTCCACTAATTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATACCATAAGCCTAATGGAGC (65) 17.14
gene-x TCACTTCATCACATTCTTTCTGAAAAACACCAAAGAACCATTTACATTGCAGGGCTATTTTTTATAAGATGCATTEGAGATACATCAATTAAGATGCAAAA (66) 57.69
glnA-P1 TCGCTTTCACGGAGCATAAAAAGGGTTATCCAAAGGTCATTGCACCAACATGGTGCTTAATGTTTCCATTGAAGCACTATATTGGTGCAACATTCACATCG (67) 87.49
glnA-P2 GCACGGATGGTTGCGCATGATAACGCCTTTTAGGGGCAATTTAAAAGTTGGCACAGATTTCGCTTTATCTTTTTTACGCGACACGGCCAAAATAATTGCAG (67) 87.49
glnH-P1 TTTTTGTATCCACATCATCACACAATCGTTACATAAAGATTGTTTTTTCATCAGGTTTTACGCTAAATAATCACTGTGTTGAGTGCACAATTTTAGCGCAC (68) 18.34
glnH-P2 GTGCATCACGTTTTTGCCGCATCTCGAAAAATCAAGGAGT TGCAAAACTGGCACGATTTTTTCATATATGTGAATGTCACGCAGGGGATCGTCCCGTGGAT (68) 18.34
glnL TCTCTGCATGGGCTTTTTTCTCCGTCAATTCTCTGATGCTTCGCGCTTTTTATCCGTAAAAAGCTATAATGCACTAAAATGGTGCAACCTGTTCAGGAGAC (69) 87.45
glns TAATCCTTGTTAGATTATCAATTTTAAAAAACTAACAGTTGTCAGCCTGTCCCGCTTATAAGATCATACGCCGTTATACGTTGTTTACGCTTTGAGGAATC (70) 15.33
glpD ATAATGTTATACATATCACTCTAAAATGTTTTTTCAATGTTACCTAAAGCGCGATTCTTTGCTAATATGTTCGATAACGAACATTTATGAGCTTTAACGAA (71) 76.72

gltA-Pl ATCATCTAATTTGACAATCATTCAACAAAGT TGTTACAAACATTACCAGGAAAAGCATATAATGCGTAAAAGTTAtGAAGTCGGTATTTCACCTAAGATTA (72) 16.37

gltA-p2 CTTATGTAACAGTGTGGAGTATTGACCAATTCATTCGGGACAGTTATTAGTGGTAGACAAGTTTAATAATTCGGAt TGCTAAGTACTTGATTCGCCATTTA (72) 16.37

gltB ATTTTGCGCTAAAGCACATTTCTGTACCAATAAGCTTGCCATTTGACCTGTATCAGCTTTCCCGATAAGTTGGAARTCCGCTGGAAGCTTTCTGGATGAGC (73) 72.20

glyA TAGCCTGAAGGTAATCGTTTGCGTAAATTCCTTTGTCAAGACCTGTTATCGCACAATGATTCGGTTATACTGTTCGCCGTTGTCCAACAGGACCGCCTATA (66) 57.68

gnd GTAATATAAAGCCGTAAGCATATAAGCATGGATAAGCTATTTATACTTTAATAAGTACTTTGTATACTTATTTGCGAACATTCCAGGCCGCGAGCATTCAG (74) 45.22

grokE CCCGATTTTGTGCTGATCAGAATTTTTTTTCTTTTTCCCCCTTGAAGGGGCGAAGCCATCCCCATTTCTCTGGTCACCAGCCGGGAAACCACGTAAGCTCC (25) 94.21

grpE GGTCCTTGTTGCGAAGATTGATGACAATGTGAGTGCTTCCCTTGAAACCCTGAAACTGATCCCCATAATAAGCGARGTTAGCGAGATGAATGCGAAAAAAA (75) 59.13

guaBA TGGGCGGTGTCGTCTTTGAGTGTAAAGTACCAGTGACCGGAAGCTGGTTGCGTGAAATTAGAAATTTCGCCGCt gATCCAAACCTGTCCCATCTCATGCTC (76) 56.55

gqut CAAATTAAAATATTTATCTTTCATTTTGCGATCAAAATAACACTTTTAAATCTTTCAATCTGATTAGATTAGGTTGCCGTTTGGTAATAAAACAATAAATC (77) 60.87

gyrA AGTATATCAGGCATTGGATGTGAATAAAGCGTATAGGTTTACCTCAAACTGCGCGGCTGTGTTATAATTTGCGACCTTTGAATCCGGGATACAGTAGAGGG (78) 50.37

gyrB AGTGCTGAACACGTTATAGACATGTCGGACGAAAATTCGAAGATGTTTACCGTGGAAAAGGGTAAAATAACGGATEAACCCAAGTATAAATGAGCGAGAAA (79) 83.57
hemA-P1 ACAAGTCCTTGAGATACGTTGCAGTTATAACCCTTAATGCTAGCGTTACCGTCCGCTATCGTCTATGTTCAAGTTGTCTTAATTGCCAGAATCTAACGGCT (80) 27.20
hemA-P2 TAACGGCTTTCGGCAATTACTCCAAAA GCTCTCTTTTATTGATCTTACGCATCCTGTATGATGCAAGCAGACTAACCCTATCAACGTTGGTATTA (80) 27.20
hisA TTCGTCTCACTGACAATACCTTGATCTACAAACTAATTAATAAATAGT TAATTAACGCTCATCATTGTACAATGARCTGTACAAAAGTGGATTGACATGCG (81) 44.98
hisB AACCAACTACATTCTGGCGCGCTTTAAAGCCTCCAGTGCGGTGTTTAAATCTTTGTGGGATCAGGGCATTATCTTACGTGATCAGAATAAACAACCCTCTT (82) 45.06
hisG TAAACAAATTCATTGTCATAAAATATATAAAAAAGTTCTTGCTTTCTAACGTGAAAGTGGTTTAGGTTAAAAGACATCAGTTGAATAAACATTCACAGAGA (83) 44.99
hiss GTCGAATTGACGTTCAGCAGGTTGAAAAATAATAACGTGATGGGAAGCGCCTCGCTTCCCGTGTATGATTGAACCGGCATGGCTCCCGAAACATTGAGGGA (84) 56.69
hsd CAAACCTCTAGGCAGGTCATTCGTAGCCTAATGTCCGAACTGCTAAAGCATCCAAGTTGCTGTAGAATCACCGCCAATTACATAAGCCTGAAATAAGTGGA (85) 98.44
htra AGACGAACAATAAATTTTTACCTTTTGCAGAAACTTTAGTTCGGAACTTCAGGCTATAAAACGAATCTGAAGAACACAGCAATTTTGCGTTATCTGTTAAT (86) 3.88
ileRr-P1 CTCACGGTGCTACAGGAAACGTTTTACCCCAGCGCATTTGGGAATGCCAGCAGAGTTTTTTATGCGTTAATAGATAT AAGCGGCTCGGAGAGAAAAGC (87) 95.88
ileR-P2 CAGCAGAGTTTTTTATGCGTTAATAGATATGGAAAGCGGCTCGGAGAGAAAAGCAAAAGGTGAGGGAATTACAAARCAGAATGCGAGTCGTCTCGCAAAAA (87) 95.88
11vBN AAACGTGATCAACCCCTCAATTTTCCCTTTGCTGAAAAATTTTCCATTGTCTCCCCTGTAAAGCTGTGCTTGTATAAATATTGTTAAACACAAAACCAACA (88) 82.98
ilvcC GTTGACGTTGCAAAAATTGCAATGTGACGTTGTGAATATATCAATTTCCGCAATAAATTTCCTGTCATATAGTGARTTCAATCTCGCAAACGCGAACCGAA (89) 85.31

11vGMEDA-P1 ACAACATTCATACTGAAATTGAATTTTTTTCACTCACTATTTTATTTTTAAAAAACAACAATTTATATTGAAATTATTAAACGCATCATAAAAATCGGCCA (90, 91) 85.14
11vGMEDA-P2 ATTATTAAACGCATCATAAAAATCGGCCAAAAAATATCTTGTACTATTTACAAAACCTATGGTAACTCTTTAGGCATTCCTTCGAACAAGATGCAAGAAAA (90,91) 85.15

11vGMEDA-Pe CCGCCAGCGATGCACAAAATATAAATATCGAATTGACCGTTGCCAGCCCACGGTCGGTCGACTTACTGTTTAGTCAGTTAAATAAACTGGTGGACGTCGCA (92) 85.19
11vIH-P1 GTTTATTCTTATTACCCCGTGTTTATGTCTCTGGCTGCCAATTGCTTAAGCAAGATCGGACGGTTAATGTGTTTTACACATTTTTTCCGTCAAACAGTGAG (93) 1.84
11vIH-P2 ATTTATTATCAATTTAATCCTCTGTAATGGAGGATTTTATCGTTTCTTTTCACCTTTCCTCCTGTTTATTCTTATEACCCCGTGTTTATGTCTCTGGCTGC (93) 1.84
11vIH-P3 GGTTTATTCTGCATTTTTTATTGAATGTAGAATTTTATTCTGAATGTGTGGGCTCTCTATTTTAGGATTAATTAARAAAATAGAGAAATTGCTGTAAGTTG (93) 1.83
11vIH-P3"’ TTTATTCTGAATGTGTGGGCTCTCTATTTTAGGATTAATTAAAAAAATAGAGAAATTGCTGTAAGTTGTGGGATTOAGCCGATTTATTATCAATTTAATCC (93) 1.83
11vIH-P3'' GGCTCTCTATTTTAGGATTAATTAAAAAAATAGAGAAATTGCTGTAAGTTGTGGGATTCAGCCGATTTATTATCAATTTAATCCTCTGTAATGGAGGATTT (93) 1.84
11vIH-P4 GCAGAATAGGTCAGACATGAATGTCTGGTTTATTCTGCATTTTTTATTGAATGTAGAATTTTATTCTGAATGTGTGGGCTCTCTATTTTAGGATTAATTAA (93) 1.83
ilvy TATTGTTCGGTTCGCGTTTGCGAGATTGAATTCACTATATGACAGGAAATTTATTGCGGAAATTGATATATTCACAACGTCACATTGCAATTTTTGCAACG (89) 85.31
infC GCGCATATCTTCTGTACTGAAGAACAAATTCGCGATGAAGTTAACGGATGTATCCGTTTAGTCTATGATATGTACAGCACTTTTGGCTTCGAGAAGATCGT (94) 38.74
katE CTGGCTTCACTAAACGCATATTAAAAATCAGAAAAACTGTAGTTTAGCCGATTTAGCCCCTGTACGTCCCGCTTTGCGTGTATTTCATAACACCGTTTCCA (95) 39.00
lac AATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACA (96) 7.99
lacI GACACCATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGAAGAGAGTCAATTCAGGGTGGTGA (97) 8.01
lep ATACCACAATCCATACGGTATGAACATTTCCTCGCCTCAATGTTGTAGTGTAGAATGCGGCGTTTCTATTAATACAGACGTTAAGCTCAGAACAGCGACTT (98) 58.15
leu CAGAACTCACGCTGGCGGGACGTTTTTATTGCGTCAGGGTTGACATCCGTTTTTGTATCCAGTAACTCTAAAAGCATATCGCATTCATCTGGAGCTGATTT (99) 1.80
lexA GAATTCGATAAATCTCTGGTTTATTGTGCAGTTTATGGTTCCAAAATCGCCTTTTGCTGTATATACTCACAGCATAACTGTATATACACCCAGGGGGCG (100) 91.74
livg CAATCCCCACGCAGATTGTTAATAAACTGTCAAAATAGCTATTCCAATATCATAAAAATCGGGATATGTTTTAGCAGAGTATGCTGCTAAAGCACGGGTAG (101) 77.52
1ivK CGCCCCTTTGTGCCGTTATTTTATGCTGACAAAGGCACTTTTTTCTGTTTGTCTATCAATAAATTCGGAATATTAtCTGTTCTTAATCGACTGAARAATGG (101) 77.48
lpd GTTATTAGCGAATAGACAAATCGGTTGCCGTTTGTTGTTTAAAAATTGTTAACAATTTTGTAAAATACCGACGGAtAGAACGACCCGGTGGTGGTTAGGGT (2) 2.74
1pp CGAACGATCAAAAATAAGTGCCTTCCCATCAAAAAAATATTCTCAACATAAAAAACTTTGTGTAATACTTGTAACGCTACATGGAGATTAACTCAATCTAG (102) 37.81
malE GATCACACAAAGCGACGGTGGGGCGTAGGGGCAAGGAGGATGGAAAGAGGTTGCCGTATAAAGARACTAGAGTCCGTTTAGGTGTTTTCACGAGCACTTCA (103) 91.51
mall AGAAGATAAAACGTTTTATCAAATTTTAGTGAGGCATAAATCACATTACGCAACGATAATAGCGGGTATAAGATARATAAAAGGTAAAACGTTTTATCTGT (104) 36.56

malkK CTCCCGCCTCCTCCCCCATAAAAAAGCCA T GATTTAAGCCATCTCCTGATGACGCATAGTCAGCCCATCATGAATGTTGCTGTCGATGACAG (103) 91.52
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malPQ
malT
manA
manX
melA
metA-Pl
metA-P2
metBL
metj-P1
met3-P2
metj-P3
mtl
nagB-P1
nggB-PZ
nagD
nagE
narG
nrd
nupG
nusA
ompA-P1
ompA-P2
ompB
ompC
ompF
orf83-p1
orf83-p2
oxyR
p-Int~
pabA-P1
pabA-P2
pac
pckA
pdx
pepD-P1
pepD-P2
pfkB

PgsA
phe
phesT
phoB
phoE
pncB
pnp

pPpc
proU-Pl
proU-p2
proU-p3
prs

ptr
ptsH
purk
purF-P1
purF-p2
purlD
PUrMN
purR
puta
putP-P1l
putpP-p2
putP-P3
putP-pP4
putP-pP5
PX~
PYrBI-P1
pyrBI-P2
pyrcC
pyrD
PYrE-P1l
PYIE-P2
pyrF
pPyrG-pPl
pyrG-p2
rbs

CATCCCCGCAACTCCTCCCTGCCTAATCCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAAAATCTAAGAAAA
GACACAGTGCAAATTCAGACACATAAAAAAACGTCATCGCTTGCATTAGAAAGGTTTCTGGCCGACCTTATAACCATTAATTACGAAGCGCAAAAAAAATA
AAACTGAGACTAGTACGACTTTTTGCGGCTCCAGGTTACTTCCCGTAGGATTCTTGCTTTAATAGTGGGATTAATE t CCACATTAAAACAGGGATTGATCA
TCTGCTAATCGAAAGTTAAATTACGGATCTTCATCACATAAAATAATTTTTTCGATATCTAAAATAAATCGCGAARCGCAGGGGTTTTTGGTTGTAGCCCT
CAGGATCTGAGTTTATGGGAATGCTCAACCTGGAAGCCGGAGGTTTTCTGCAGATTCGCCTGCCATGATGAAGT TaTTCAAGCAAGCCAGGAGATCTGCAT
TAGTCTTTTCCTTGAAACTTTCTCACCTTCAACATGCAGGCTCGACATTGGCAAATTTTCTGGTTATCTTCAGCTATCTGGATGTCTAAACGTATAAGCGT
CCCCTTCCTCATGCCGTGAGCGGCGAAGACTAATTACCATTTTCTCTCCTTTTAGTCATTCTTATATTCTAACGTAGTCTTTTCCTTGAAACTTTCTCACC
CTCAATCTATACGCAAAGAAGTTTAGATGTCCAGATGTATTGACGTCCATTAACACAATGTTTACTCTGGTGCCTGACATTTCACCGACAAAGCCCAGGGA
GCACCAGAGTAAACATTGTGTTAATGGACGTCAATACATCTGGACATCTAAACTTCTTTGCGTATAGATTGAGCARATCCCAAATAGCCGTTAAAATTATA
GTCAATACATCTGGACATCTAAACTTCTTTGCGTATAGATTGAGCAAATCCCAAATAGCCGTTAAAATTATATGCATTATCACGCCGACAGGTGCATTACA
AAAATTATATGCATTATCACGCCGACAGGTGCATTACACGATGTCACGGTAACGCCTGTACGGTAAACTATGCGGGTTTACGGTCAGTACCCACATCAACT
TATATTTATGTGATTGATATCACACAAAAGGCCGTCGACTGGACAGTTAACCGATTCAATGCCAGATTTCGCAGtat CTACAAAGGTCCGGCTACCTCTGC
TCGGATTGACGCCTGTCTGCGCAAATCCAGGTTACGCTTAAAGATGCCTAATCCGCCAACGGCTTACATTTTACTEATTGAGGTGAATAATGAGACTGATC
AAACGCGTGTCTTTTGTGAGT TTTGTCACCAAATATCGTTATTATCACTCCCTTTTACTGGCTAAACCAGAAAACETATTTTATCATTCAAAAAATCAGGT
GTAAAACGCGCCATGCTCAACGGTATTTTGCTCCAGCATTTGCTGGAAAATTAATGTGCTTTTATAGTGGCGCTTRTTGTTGTCAATATTCTGGGTAGTCC
ACTCACAAAAGACACGCGTTTAATTTGCGATACGAATTAAATTTTCACACACTCTGTAGCAGATGATCTAACAATOTGATTACAGAACATCGGCAGTACAA
ATTTTTCATCCCCATCACTCTTGATCGTTATCAATTCCCACGCTGTTTCAGAGCGTTACCTTGCCCTTAAACATTAGCAATGTCGATTTATCAGAGGGCCG
GGCCACTTTTTCCTTCCTGAGTTATCCACAAAGTTATGCACTTGCAAGAGGGTCATTTTCACACTATCTTGCAgtgaat CCCAAACATACCCCCTATATAT
TGCAAATTGGGAATGTTTGCAATTATTTGCCACAGGTAACAAAAAACCAGTCCGCGAAGTTGATAGAATCCCATCAt CTCGCACGGTCAAATGTGCTTTTT
ATTTTACGTCCGTCTCGGTACACCAAATCCCAGCAGTATTTGCATTTTTTACCCAAAACGAGTAGAATTTGCCACETTTCAGGCGCGGGGTGGAGCAGCCT
ACCTTATACAAGACTTTTTTTTCATATGCCTGACGGAGTTCACACTTGTAAGTTTTCAACTACGTTGTAGACTTTACATCGCCAAGGGTGCTCGGCATAAG
TATACAAGACTTTTTTTTCATATGCCTGACGGAGTTCACACTTGTAAGTTTTCAACTACGTTGTAGACTTTACATOGCCAAGGGTGCTCGGCATAAGCCGA
ACGTGATCATATCAACAGAATCAATAATGTTTCGCCGAATAAATTGTATACTTAAGCTGCTGTTTAATATGCTTTGTAACAATTTAGGCTGAAATTCATAC
CGATAAATGAAACATCTTAAAAGTTTTAGTATCATATTCGTGTTGGATTATTCTGCATTTTTGGGGAGAATGGACtt GCCGACTGATTAATGAGGGTTAAT
TTTTTGAAACCAAATCTTTATCTTTGTAGCACTTTCACGGTAGCGAAACGTTAGT TTGAATGGAAAGATGCCTGCAGACACATAAAGACACCAAACTCTCA
CGAGCCGCTTTCCATATCTATTAACGCATAAAAAACTCTGCTGGCATTCCCAAATGCGCTGGGGTAAAACGTTTCOTGTAGCACCGTGAGTTATACTTTGT
ATAAAAAACTCTGCTGGCATTCCCAAATGCGCTGGGGTAAAACGT TTCCTGTAGCACCGTGAGTTATACTTTGTACAACTTAAGGAGGTGCAGATGCGTAT
GCCGCTCCGTTTCTGTGAGCAATTATCAGTCAGAATGCTTGATAGGGATAATCGTTCATTGCTATTCTACCTATCGCCATGAACTATCGTGGCGATGGAGG
GTCGCATTACGCTGCATGGCCCGCTCGATCAACCGACGCTGAAAAGGCTGGTGCATTTGGTGTATGATGTGCGCCGCGATGACGCACCGCTGCGTAAAGTC
GGGGATCTCACCGCACTGCAGATGATATTTAGCAAAGTGGTAAGCGAAGCCGGGGAATCTGAGTAAAATAGCGCGQTTCTTTTGTACCGGAGCCGCCATGA
ATTTCTCGCGCGGGCAATCTTGCCCGCGCTTCTGCTCTCCCGGCGTAACCCGGATTTGCCGCTTATACTTGTGGCAAATGGACACGTTCAGGGAGGCATCA
GTTATCGCGCTCACAGTTCATAATGAAACAATTCTCTGCAAATAGATAAACCGAAGCTTCGTTGCTAGTATCAAtECGCTAATTATACACCTGCCAGAAGG
CGCCATATAAACCAAGATTTAACCTTTTGAGAACATTTTCCACACCTAAAATGCTATTTCTGCGATAATAGCAACOGTTTCGTGACAGGAATCACGGAGTT
GTTGTATCATTACGTATCCTTATACCTGAAATCTTCGCAAGTATGCCTGGCCGCGAGATTATGGCACACTTGTCCGGTTAACTCTCGTCTCATACAGGTAA
CCAGTATTTCACATGAGTCCGCGTCTTTTTACGCACTGCCTCTCCCTGACGCGGGATAAAGTGGTATTCTCAAACATaTCTCGCAAGCCTGTCTTGTGTTG
CACTGCCTCTCCCTGACGCGGGATAAAGTGGTATTCTCAAACATATCTCGCAAGCCTGTCTTGTGTTGACAACATETTCTGCTAACCCTGTGACCTGCAAT
AATTTTAAATAAAGCTCCAATAAATCATATTGTTAATTTCTTCACTTTCCGCTGATTCGGTGCCAGACTGAAATCAGCCTATAGGAGGAAATGATGGTACG

GGGTATTTCGCAAGGTCTGGCAGAAAAGATCTTCTGGTCGTTGAAACATTGATGTCTCTGTAGCAACATAGGGGT@®ATCTTACTGACAACAGATAGTTACC
ATTGAGTGTATCGCCAACGCGCCTTCGGGCGCGTTTTTTGTTGACAGCGTGAAAACAGTACGGGTACTGTACTAAAGTCACTTAAGGAAACAAACATGAAA
GCTAGTCCTCCCTCTTTTCGTTTCAACGCCATCAAAACATTGACTTTTATCGCCGTAGCCTTTTCAATAAAGGTCEt TTTGAAGAGTACCAAAAGGTAACGC
CGGAAATCAATAACCTGAAGATATGTGCGACGAGCTTTTCATAAATCTGTCATAAATCTGACGCATAATGACGTCGCATTAATGATCGCAACCTATTTATT
TAATAAATTACCACATTTTAAGAATATTATTAATCTGTAATATATCTTTAACAATCTCAGGTTAAAAACTTTCCTGTTTTCAACGGGACTCTCCCGCTGAA
AATGCCATCGACCAGAAAGGTGGCATATGGTGTGATCGGGGTTCAATAAATTGCGAAACAAGGTATACTCCAGCAQTTCCTGAAGATGTTTATTGTACTAA
CAGAAAAGGGGGCCTGAGTGGCCCCTTTTTTCAAGCTGACGGCAGCAATTCACTGGAAACTAATGTATTGT TGCTATGAATGATCTTCCGTTGCAGAGGTT
ATTCCTGCTATTTATTCGTTTGCTGAAGCGATTTCGCAGCATTTGACGTCACCGCTTTTACGTGGCTTTATAAAAGaCGACGAAAAGCAAAGCCCGAGCAT
CCCGCAGCAGGGAAATAATTCCCGCCAAATAGCTTTTTATCACGCAAATAATTTGTGGTGATCTACACTGATACTCtgTTGCATTATTCGCCTGAAACCAC
TTATCACGCAAATAATTTGTGGTGATCTACACTGATACTCTGTTGCATTATTCGCCTGAAACCACAATATTCAGGEgt TTTTTCGCTATCTTTGACAAAAA
TTGCTCGCATCAATATTCATGCCACATTTGCCATCAGGGGTTGCCTCAGATTCTCAGTATGTTAGGGTAGAAAAAAGTGACTAt TTCCATTGGGTAATATA
ATGATTGCGAGGTTATCGCAAGAAAACGTTTTCGCGAGGTTGATGCGGTGCTTTCCTGGCTGTTAGAATACGCCCEGTCGCGCCTGACTGGGACAGGGGCC
CCGCTGTTTCGCTTTAATCAGTCATGAGTGCTGTATAAAAATTGCGCAATCTATCCGCTTACTTTATGATGCGCAGCAGTCACGGACTGATGGTTATATAA
CGTTACAGGAAAAGCCAAAGCTGAATCGATTTTATGATTTGGTTCAATTCTTCCTTTAGCGGCATAATGTTTAATGACGTACGAAACGTCAGCGGTCAACA
AAAACCCGCAACTTTGCTGATTTCACAGCCACGCAACCGTTTTCCTTGCTCTCTTTCCGTGCTATTCTCTGTGCCGTCTAAAGCCGAGAGTTGTGCACCAC
TCAGCGCCATTTTTATTGATGCGCGGGAAGGAAATCCCTACGCAAACGTTTTCTTTTTCTGTTAGAATGCGCCCCGAACAGGATGACAGGGCGTAAAATCG
GGAAATCCCTACGCAAACGTTTTCTTTTTCTGTTAGAATGCGCCCCGAACAGGATGACAGGGCGTAAAATCGTGGGACACATATGGTCTGGATTGATTACG
CAGTCAAAATTGTGATCACCATTGAAAGAGAAAAATTCGCGAGCGTTGCGCAAACGTTTTCGTTACAATGCGGGCGAAAAATAAGGATGCCCCGTTAGGGG
CTGGGGAAAAGACGTGCAAAAAGGTTGTGTAAAGCAGTCTCGCAAACGTTTGCTTTCCCTGTTAGAATTGCGCCGaATTTTATTTTTCTACCGCAAGTAAC
AATCTCCCGTCATTTATAATGATAAGTGTTTTTACCACTTCCCCTTTTCGTCAAGATCGGCCAAAATTCCACGCTEACACTATTTGCGTACTGGCCATTGA
CATTCATTTTTAAGCTTGCTACGCATGTCACATTTAACATGGTTGCACAAAGT TGCAACATCATGGATATTTCACGATAACGT TAAGTTGCACCTTTCTGA
GCAAAAAATGTGAGAGAGTGCAACCTGATGAAAAATAGTGTCGCTGAGCACTAAAATTTAATGTAAATGGTGTGTEAAATCGATTGTGAATAACCAGCGCT
GAGAGAGTGCAACCTGATGAAAAATAGTGTCGCTGAGCACTAAAATTTAATGTAAATGGTGTGTTAAATCGATTGEGAATAACCAGCGCTTCCGGCAGGAT
GTGCAACCTGATGAAAAATAGTGTCGCTGAGCACTAAAATTTAATGTAAATGGTGTGTTAAATCGATTGTGAATAACCAGCGCTTCCGGCAGGATACGGTC
GCTGAGCACTAAAATTTAATGTAAATGGTGTGTTAAATCGATTGTGAATAACCAGCGCTTCCGGCAGGATACGGTGGCCCTGGTAAAACATAAACTCTGTT
GTAAAACATAAACTCTGTTACCCCGTTCCGGTGGCAGATATAACGGCAAGTTTCGACATTGCCGATAATAATTTTE TGGAGACTTTAGATGGCTATTAGCA
CCAGACGGTGGCCGTCGGTTGCCACGGTGCGCAGTTCTTCACCTTCGGTTTCAAACAGCATACCATTTAAGT aat aGCGAACGTCCTGATGCGCCATAGAA
AGCAGTAAGCAATAGTGTTAGCCGTTCGCTTTCACACTCCGCCCTATAAGTCGGATGAATGGAATAAAATGCATAtctgATTGCGTGAAAGTGAAAAAGGA
AAATAAACCGTTTGCGCTGACAAAATATTGCATCAAATGCTTGCGCCGCTTCTGACGATGAGTATAATGCCGGacaATTTGCCGGGAGGATGTATGGTTCA
GATTAATCACGAGGGCGCATTCGCGCCCTTTATTTTTCGTGCAAAGGAAAACGTTTCCGCTTATCCTTTGTGTcCgGCAAAAACATCCCTTCAGCCGGAGC
AAACAGGTTCGGAAAACGTTTGCGTTTTTTTTGCCGCAGGTCAATTCCCTTTTGGTCCGAACTCGCACATAATACGCCCCCGGTTTGCACACCGGGAATCC
GGAGAGGTGGAAGGATTATAGCCATCGATGCCTTGTAAGGATAGGAATAACCGCCGGAAGTCCGTATAATGCGCAQCCACATTTGTTTCAAGCCGGAGATT
CCATTCACCCTTGATTTCACGCCGGGCGTAGGCGGTCATACTGCGGATCATAGACGTTCCTGTTTATAAAAGGAGAGGTGGAAGGATTATAGCCATCGATG
GACGGCGCAGAAAAAGCCTGCCAGGGGAGAAATCGCAACTGTTAATTTTTTATTTCCACGGGTAGAATGCTCGCCTTTACCTGTTTCGCGCCACTTCCGG
CATTTGTGTCATTTTTTAAATGACAAGCGCTTGATTTGCGTCAAAAACATTTACCCCAAAGGGGCTATTTTCTCAGt cctgaTTTCAATAGTGCGCTGGCG
GATTTCAATAGTGCGCTGGCGAAGAGGAGGGATAATGAAAGTTTGTGGCACAGGTCATGTTCGGGTATACTGCTTEcccgTCTTGGTTATTCCATCGTCTT
AACGTTTCGAGGTTGATCACATTTCCGTAACGTCACGATGGTTTTCCCAACTCAGTCAGGATTAAACTGTGGGTCAGCGAAACGTTTCGCTGATGGAGAAA

(105)
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(108)
(109)
(109)
(110)
(110)
(110)
(110)
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(112)
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(119)
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(87)
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22.00
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75.16
75.18
90.17
76.08
52.57

5.65

5.65
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27.17
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recA GTATGCTTGCAGACCTTGTGGCAACAATTTCTACAAAACACTTGATACTGTATGAGCATACAGTATAATTGCTTCAaCAGAACATATTGACTATCCGGTAT (154) 60.84
recF-P1 AAGCGTCTGATTGAAGCGACCCAGTTTTCTATGGCGCATCAGGACGTTCGCTATTACTTAAATGGTATGCTGTTTGAAACCGAAGGTGAAGAACTGCGCAC (146) 83.61
recF-P2 CCCTGCCGCAGGCAACGATGAAGCGTCTGATTGAAGCGACCCAGTTTTCTATGGCGCATCAGGACGTTCGCTATTACTtAAATGGTATGCTGTTTGAAACC (146) 83.61
rela CGAGCAGGTGCCGCAGGTGTTATGCAGCAAATTATAAAACTGGAACCTATTCGTATAGTTTATGTATCCTGTAACCCTGCAACGCTGGCTCGGGATAGCGA (155) 62.77
rep TGATTTAAACATCCGCAGCCAACCGGTTAGCGGCTTACACGCGGTCACATTCAAATGCGATTCTGCTACAATCCTECCCCCGTTCGAAGATTGAGCAATAC (156) 85.36
rho GTAAGGGAATTTCATGTTCGGGTGCCCCGTCGCTAAAAACTGGACGCCCGGCGTGAGTCATGCTAACTTAGTGTTGQACTTCGTATTAAACATACCTTATTA (157) 85.48
rnh CCGGTGGTTTCGGTATCGAGAACGATCTGGCGTGTAATTGCAGTGCTCATAGCGGTCATTTATGTCAGACTTGTCGTTTTACAGTTCGATTCAATTACAGG (52) 5.23
rpld GTTGACCAGGCTGGCCTGAGCGCTTCTGTAAACTAATGCCTTTACGTGGGCGGTGATTTTGTCTACAATCTTACCCCCACGTATAATGCTTAATGCAGACG (158) 90.08
rplkK ARAAGCCTAACCCAGCGATCAAARAAGCGGCGATTTAATCGTTGCACAAGGCGTGAGATTGGAATACAATTTCGCGCCTTTTGTTTTTATGGGCCTTGCCC (158) 90.06
rplT TCTGGGCCTGGTAATCGCGTGCCTGCCGTACGCATAAGCCGTTAACGTTTTTAACTTTTTAATTAGAATATAGATACAGEAGAGCACATATGGCTCGCGTA (131) 38.71
rpmH-P1 ARAAATTGGCTTAATCGATCTAATAAAGATCCAGGACGATCCTTGCGCTTTACCCATCAGCCCGTATAATCCTCCcaCCCGGCGCGCCATGCTGGTTTCCAC (50) 83.65
rpmH-P2 CTGCGAAAAGGTGCGGAAAAGCGCGGTAAATAAGGAAAGAGAATTGACTCCGGAGTGTACAATTATTACAATCCGGCCtcTTTAATCACCCATGGCTTCGG (50) 83.66
rpmH-P3 GGCGGGCACGATTTACGCCGCATATTGGAAAATTTAATGACCATAGACAAAAATTGGCTTAATCGATCTAATAAAGatcCAGGACGATCCTTGCGCTTTAC (50) 83.65
rpoB AGCCTTTTGCGCTGTAAGGCGCCAGTAGCGTTTCACACTGT TTGACTACTGCTGTGCCTTTCAATGCTTGT TTCTAaTCGACGACTTAATATACTGCGACAG (159) 90.11
rpoD-Pa TGCCAAAAGCGGC GGCGTTTCTCGCCCTGTTCCGCAGCTAAAACGCACGACCATGCGTATACTTATAGGGTTGCTGGTGCAAAATCCAGAATTA (160) 69.18
rpoD-Pb AGAGAACTGGTCAACACTTGTCTCTCCCAGCCAGGTCTGACCACCGGGCAACTTTTAGAGCACTATCGTGGTACAAATAATGCTGCCACCCTTGAAAAACT (160) 69.19
rpoD-Phs CTTTTAGAGCACTATCGTGGTACAAATAATGCTGCCACCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAGAATATTGCTGAGCAAACCTTCAC (160) 69.19
rpoD-Phs/min  CACTATCGTGGTACAAATAATGCTGCCACCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAGAATATTGCTGAGCAAACCTTCACCGACTCACT (160) 69.19
rpoH-P1 CTGCACGGATCAACATTACGCCACTTACGCCTGAATAATAAAAGCGTGTATACTCTTTCCtGCAATGGGTTCCGTAGCAGGGAAAG (161) 77.55
rpoH-P2 CACATTTTGTGCGTAATTTATTCACAAGCTTGCATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAGTGAAtgATAACCTCGTTGCTCTTAAGCTCT (161) 77.55
rpoH-P2* CTATGTCACATTTTGTGCGTAATTTATTCACAAGCTTGCATTGAACTTGTGGATAAAATCACGGTCTGATAAAACRGTGAATGATAACCTCGTTGCTCTTA (161) 77.55
rpsA-Pl GACGCCTCCTCGGAAGAACGTGCGCATCGCCGCATGCTACAGTTGCAGGTGAAGGGCTTTAGTGTTAACTTTGAGOgCCTTTTGGCCGAGATCAAAGAACG (162) 20.76
rpsA-P2 CCTCGGAAGAACGTGCGCATCGCCGCATGCTACAGTTGCAGGTGAA TTTAGTGTTAACTTT “GCCTTTtggCCGAGATCAAAGAACGCGACGAC (162) 20.76
rpsA-P3 CGGCAGCCGATGCTTTAGTGTTGGATTCCACCACCTTAAGCATTGAGCAAGTGATTGAAAAAGCGCTACAATACGOGCGCCAGAAATTGGCTCTCGCATAA (162) 20.76
rpsJd TGAGAGATAACCCGAAGGCTGTTTACTTTACTAGCAATACGCTTGCGTTCGGTGGTTAAGTATGTATAATGCGCGGGCTTGTCGTAGTTGACAGCAGGTTC (163) 74.37
rpsoO GTCGCCTGGTGGTTGAATACCCGGCGTAATGTTAACCGTCTTGCGATAACAGGTCGCTACGAGTAGAATACTGCCGCTTAACGTCGCGTAAATTGTTTAAC (135) 71.29
rpsU-P1 AGTGTAGGACCAATGCGGGTTGATGTAAAACTTTGTTCGCCCCTGGAGAAAGCCTCGTGTATACTCCTCACCct tataaaAGTCCCTTTCAAAAAAGGCCG (164) 69.15
rpsU-P2 CCCTTATAAAAGTCCCTTTCAAAAAAGGCCGCGGTGCTTTACAAAGCAGCAGCAATTGCAGTAAAATTCCGCACCAt tTTGAAATAAGCTGGCGTTGATGC (164) 69.15
ruv-P1 ATACTGTGCCATTTTTCAGTTCATCGAGACACCTCGCAAGTTTTCTTCATCCTTCGCTGGATATCTATCCAGCATETTTTTATCATACAGCATTATCTTTG (165) 41.92
ruv-p2 CCATTTTTCAGTTCATCGAGACACCTCGCAAGTTTTCTTCATCCTTCGCTGGATATCTATCCAGCATTTTTTTATGATACAGCATTATCTTTGATTCATTA (165) 41.92
sbcB CATGATCTATTGCCACTCGCTGCCAAATTGTGGCGCTAAAGCTGATTAGCACGGTGATATTTGATACTCTGGCaGACAGCAGAAATAACGGATTTAACCTA (166) 44.84
sdh-P1 TGTTCAGGATAAAACCCGACAAACTATATGTAGGTTAATTGTAATGATTTTGTGAACAGCCTATACTGCCGCCAGECTCCGGAACACCCTGCAATCCCGAG (167) 16.38
sdh-P2 CCTCTCTTCCCCTGAAGGTTTCGAGCAAGCTTCCGCGATTATGGGCAGCTTCTTCGTCAAATTTATCATGTGGGGOATCCTTACCGCTCTGGCGTATCACG (167) 16.39
secE GGGCGTTGTAGCAAAAGTTCTGAGCTAATTGCCGATAACATTTGACGCAATGCGCACTAAAGGGCATCATTTGATGCCCTTTTTGCACGCTTTCGTACCAG (168) 90.03
serB ATCTTCCACCCTTTGAAAATTTGAGACTTAATGT TGCCAGAAGCAATGGATACAAGGTAGCCTCATGCGTTATTTECCCTGCTTCGAACGATTTTACAGGA (169) 99.67
serC TGCCCCTCAACGGTTTTACTCATTGCGATGTGTGTCACTGAATGATAAAACCGATAGCCACAGGAATAATGTATTACCTGTGGTCGCAATCGATTGACCGC (170) 20.67
smp TCGAAGCAGGGAAAATAACGCATGAGGCTACCTTGTATCCATTGCTTCTGGCAACATTAAGTCTCAAATTTTCAA T GATGGCTCGCACAAAAC (169) 99.67
sodB TAAAACTTTACCCTGTTGTTACGGCAACAGGGTAAGTTCATCTTTTGTCTCACCTTTTAATTTGCTACCCTATCCATACGCACAATAAGGCTATTGTACGT (171) 37.35
spc AATACGAATAAACGGCTCAGAAATGAGCCGTTTATTTTTTCTACCCATATCCTTGAAGCGGTGTTATAATGCCGCGCCCTCGATATGGGGATTTTTAACGA (172) 74.25
speB ACCGATCTTGATGCTGAACTGCAACAACAGTTCCTTGAAGAGT TCGAGGCAGGTTTGTACGGTTATACTTATCTTGAAGATGAGTAAGTCCTGTGTTACTT (173) 66.40
speC-P1 CTGCAGGACAACAGtAAAATCAGAGCGTTTCTGCTTTTAC (174) 66.95
speC-P2 CTGCAGGACAACAGTAAAATCAGAGCGTTTCTGCTTTTACTGATGTCTGGCG (174) 66.95
speC-P3 CTGCAGGACAACAGTAAAATCAGAGCGTTTCTGCTTTTACTQATGTCTGGCGGTCGGAGCTGGTGAC (174) 66.95
ssb-P1 TTAATTATGACACAAATTGACCTGAATGAATATACAGTATTGGAATGCATTACCCGGAGTGTTGTGTAACAATGTCTGGCCAGGTTTGTTTCCCGGAACCG (175) 92.11
ssb-pP2 GTCTGGCCAGGTTTGTTTCCCGGAACCGAGGTCACAACATAGTAAAAGCGCTATTGGTAATGGTACAATCGCGCGETTACACTTATTCAGAACGATTTTTT (175) 92.11
ssb-P3 TTTGTTTCCCGGAACCGAGGTCACAACATAGTAAAAGCGCTATTGGTAATGGTACAATCGCGCGTTTACACTTATECAGAACGATTTTTTTCAGGAGACAC (175) 92.11
str CCAGATGGCCTGGTGATGATGGCGGGATCGTTGTATATTTCTTGACACCTTTTCGGCATCGCCCTAAAATTCGGCTCCTCATATTGTGTGAGGACGTTTT (172) 74.81
SucAB GCGCAGCGCATCAGGCGTAACAAAGAAATGCAGGAAATCTTTAAAAACTGCCCCTGACACTAAGAGAGTTTTTAAR TCCTTCGCGAGCCACTACGTAG (176) 16.45
sulA ACGACAAAATTTGCGAGGCTCTTTCCGAAAATAGGGTTGATCTTTGTTGTCACTGGATGTACTGTACATCCATaCaGTAACTCACAGGGGCTGGATTGATT (177) 22.02
tnaA CGAACGATTGTGATTCGATTCACATTTAAACAATTTCAGAATAGACAAAAACTCTGAGTGTAATAATGTAGCCTCGTGTCTTGCGAGGATAAGTGCATTAT (178) 83.75
tonB GCCAAAAATGACATTTTCACTGATCCTGATCGTCTTGCCTTATTGAATATGATTGCTATTTGCATTTAAAATCGAQACCTGGTTTTTCTACTGAAATGATT (179) 28.22
treA TTCTAAAATGCCTGACAGTTCGCAGAATGAGATTTCGATCATGCAGCTAGTGCGATCCTGAACTAAGGTTTTCt GATACTTGAATACCGTTTTATTCGGTT (180) 26.84
trmA ACTGTCCAGACGTAGCTCACAAATAGGAATTCATCAAGATCTGGACATCTGATGAGCAATCCCTACAATCGCCGCGTACTTTAATTTTTCAGGATACATCA (181) 89.73
trp ACATCATAACGGTTCTGGCAAATATTCTGAAATGAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCAAGTTCACGTAAAAAGGGTATCGACA (182) 28.48
trp-P2 CACCAGGAGCAACTGGCAGGCGGAACACCGGAAGAAAACCGTGACATTTTAACACGTTTGTTACAAGGTAAAGGCGACGCCGCCCATGAAGCAGCCGTCGC (183) 28.41
trpR CCGACGTTGATGAGCGCCACGGAATGGGGACGTCGTTACTGATCCGCACGTTTATGATATGCTATCGTACTCTT TAGCGAGTACAACC ATTT (182) 99.84
trxA-Pl ACCTTCGGATGCAGGGCGAAGTCGGAAAACTTCTGTTCTGTTAAATGTGTTTTGCTCATAGTGTGGTAGAATATCAGCTTACTATTGCTTTACGAAAGCGT (184) 85.47
trxA-P2 TTAAATGTGTTTTGCTCATAGTGTGGTAGAATATCAGCTTACTATTGCTTTACGAAAGCGTATCCGGTGAAATAARGTCAACCTTTAGTTGGTTAATGTTA (184) 85.47
tsx-Pl ATGCAGTAAACGTATTTCGGGACGATTTTGTGCGTCCCGCAACATCTTTCCCCGTCATTTTGTTACTCTGCTTACATCACCTGGATTGATAGTAAAAGTTT (185) 9.40
tsx-P2 CGCAATCGATTACGTAAATGATAGAACGTGGAAACGAAACATATTTTTGTGAGCAATGATTTTTATAATAGGCTCOTCTGTATACGAAATATTTAGAAACG (185) 9.39
tufB TAAAATGTGACCAATAAAACAAATTATGCAATTTTTTAGTTGCATGAACTCGCATGTCTCCATAGAATGCGCGCTACTTGATGCCGACTTAGCTCAGTAGG (186) 89.99
tyrB TCACTCTGTTGCTAATTGCCGTTCGCTCCTGAACATCCACTCGATCTTCGCCTTCTTCCGGTTTATTGTGTTTTAACCACCTGCCCGTAAACCTGGAGAAC (187) 91.97
tyrP-P1 TTATTGTACATTTATATTTACACCATATGTAACGTCGGTTTGACGAAGCAGCCGTTATGCCTTAACCTGCGCCGCAGATATCACTCATAAAGATCGTCAGG (188) 42.88
tyrP-P2 GCGTATATTGCTCGCCTGATTCAATCATCATATTTAACACTTCATGACCGTGAATAGAGTCCATCGTCCCTCCTCAAAAAAAGCCTAGCGTAGCGATTGCC (188) 42.88
tyrR GTTTTTCCGTCTTTGTGTCAATGATTGTTGACAGAAACCTTCCTGCTATCCAAATAGTGTCATATCATCATATTARTTGTTCTTTTTTCAGGTGAAGGTTC (189) 29.20
udf-Px~ TGAGGAGTATACACGAGGCTTTCTCCAGGGGCGAACAAAGTTTTACATCAACCCGCATTGGTCCTACACTGCGCGgt aat AAAGCGAGGTAAAACAAGTCA (164) 69.14
umu AGCAGCCTATGCAGCGACAAATATTGATAGCCTGAATCAGTATTGATCTGCTGGCAAGAACAGACTACTGTATATAAAAACAGTATAACTTCAGGCAGATT (190) 26.48
ung GCACTCGTTTAAGTCTAAAAAATGAGCATGATTTTGTTCTGTAGAAAGAAGCAGTTAAGCTAGGCGGATTGAA TCGC. GAGATGGCTAACG (191) 58.37
uvrA ATTGTTACACAACACTCCGGGTAATGCATTCCAATACTGTATATTCATTCAGGTCAATTTGTGTCATAATTAACCETTTGTGATCGCCGGTAGCACCATGC (192) 92.11
uvrB-P1 ATATTATGGTGATGAACTGTTTTTTTATCCAGTATAATTTGTTGGGATAATTAAGTACGACGAGTAAAATTACATACCTGCCCGCCCAACTCCTTCAGGTA (193) 17.61
uvrB-p2 GATTGACAGCGGAGTTTACGCTGTATCAGAAATATTATGGTGATGAACTGTTTTTTTATCCAGTATAATTTGTTGGGATAATTAAGTACGACGAGTAAAAT (193) 17.61
uvrB-P3 CGGC T TGGACACAGTTATCCACTATTCCTGTGGATAACCATGTGTATTAGAGTTAGAAARCACGAGGCAAGCGAGAGAATACGCG (193) 17.60
uvrC-P2 ACAAAAACGAGAGAAAAATCGAATACCCACCATTTTTAACGTTTCAAAGTTGCAATAAAAACCGCTAATATACGaat GACTAACTATCAGTAGCGTTATCC (194) 43.00
uvrC-P3 CAGATCGAACCAGAAAAAACAGAAAGCCCATTTGCCAGTTTGTCTGAACGTGAATTGCAGATTATGCTGATGaTCACCAAGGGCCAGAAGGTCAATGAGAT (195) 42.99
uvrD-P1 CCTGGGACAGCCGTTTACTGCCGCATCTGGAAAT TTCCCGGTTGGCATCTCTGACCTCGCTGATATAATCAGCAARATCTGTATATATACCCAGCTTTTTGG (196) 86.17
uvrD-P2 ATAATCAGCAAATCTGTATATATACCCAGCTTTTTGGCGGAGGGCGTTGCGCTTCTCCGCCCAACCTATTTTTACGCGGCGGTGCCAATGGACGTTTCTTA (197) 86.17
uxuAB AGTGAAATTGTTGTGATGTGGTTAACCCAATTAGAAT TCGGGATTGACATGTCTTACCAAAAGGTAGAACTTATacgCCATCTCATCCGATGCAAGCCACG (198) 98.20
* vals-Pl CGATATATTGATTAGTCTGCGAACAAGCTTTGCAGATTTTGCCACCGCTTTCACAGAAGTGGTAGACTTCGTTCCETATGAAGATTCGTCCTGAAACAACT (199) 96.60
vals-p2 TGATTAGTCTGCGAACAAGCTTTGCAGATTTTGCCACCGCTTTCACAGAAGTGGTAGACTTCGTTCCTTATGAAGATTCGTCCTGAAACAACTGGCGCGCG (199) 96.60

zwf GCTTTTCCCGTAATCGCACGGGTGGATAAGCGTTTACAGT TTTCGCAAGCTCGTAAAAGCAGTACAGTGCACCGTAAGAAAATTACAAGTATACCCTGGCT (200) 41.67
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Table 1. Base distribution in the consensus hexamers

-35 -10
T T G A C A T A T A A T
all promoters A 10 6 9 56 21 54 5 76 15 61 56 6
(298) C 10 7 12 17 54 13 10 6 11 13 20 7
G 10 8 61 11 9 16 8 6 14 14 8 5
T 69 79 18 16 16 17 77 12 60 12 15 82
space = 16 A 19 4 6 52 19 60 6 75 13 69 62 6
(52) C 8 6 13 17 56 6 6 12 10 12 17 4
G 4 12 60 6 13 15 8 0 15 12 10 6
T 69 79 21 25 1219 81 13 62 8 12 85
space = 17 A 9 9 9 56 23 50 6 82 19 53 55 4
(129) C 9 5 14 20 50 13 15 5 9 18 18 9
G 8 9 57 11 10 18 8 4 16 17 9 3
T 74 77 19 13 16 19 71 9 57 12 18 84
space = 18 A 4 6 10 59 20 57 0 71 14 61 61 12
51y C 22 4 6 12 51 14 8 4 16 1220 2
G 8 6 73 18 6 16 6 8 18 14 8 2
T 67 84 12 12 24 14 86 18 53 14 12 84

The frequencies (in %) of the four nucleotides A,C,G,T in each of the consensus positions is tabulated. For
this calculation the promoter sequences, selected as described in the text, were aligned. Frequencies are reported
for the whole database (298 sequences, as 2 sequences missed the region upstream from the transcriptional
start position), and for three groups distinguished by the length of the spacer between the —35 and — 10 regions.
In parentheses are the numbers of sequences in each group.

Table II. The degree of consensus conservation in the current and previous compilations

-35 -10
T T G A C A T A T A A T
Hawley and McClure 82 84 79 64 54 45 79 95 44 59 51 96
Harley and Reynolds 78 82 68 58 52 54 82 89 52 59 49 89
Current Compilation 69 79 61 56 54 54 77 76 60 61 56 82

For each compilation the degree of conservation (in%) of the consensus nucleotides is tabulated.
Note that the three compilations used different procedures for promoters alignment. Degrees
of conservation in Hawley’s and McClure’s compilation (202) are based on 112 promoters
and taken from O’Neil’s calculations (208). Degrees of conservation in Harley and Reynolds’
compilation are taken from that report and based on 263 promoters (203). These two
compilations include all promoters of E.coli and its phages known at the time. Degrees of
conservation in the current compilation are based on 298 mRNA E. coli promoters (updated
to October 1992).

Table IV. Distribution of promoters by number of matches to the 12 consensus

nucleotides
No. of matches Frequency
Table III. Distribution of promoters by —35 to —10 spacer length

5 2
6 27
-35 to -10 spacer length frequency 7 93
8 86
9 71
15 35 10 15
16 52 11 4

17 129

18 51
19 31 Average no. of matches = 7.87

Frequency is expressed in absolute numbers (out of a total of 298 promoters). Frequency is expressed in absolute numbers (out of a total of 298 promoters).



Duplicated sequences

The routine sequence analysis computer programs enable
automatic extraction from the databanks, by searching for a
specific query, such as the annotation for mRNA start site.
Analyses based on such datasets may be biased, as the databanks
include many duplications. The same gene and the same promoter
may appear more than once under different code names and
accession numbers, if reported to the databank by more than one
research group. Therefore, at the present state of the databanks,
generation of a sub-database out of a sequence databank must
be accompanied by a search for and exclusion of duplications.

Gene features

The information in the databanks includes the locations of various
gene features. In several cases, we found inaccuracies in the
locations reported in the bank, in comparison to the experimental
paper. In some cases the indicated locations were based on
sequence data alone and not on experimental evidence. Another
drawback regards updates of the gene features based on more
recent procedures. For example, we ran into transcriptional start
positions that were identified initially by S1 nuclease mapping
and more recently by primer extension, resulting in different
allocations, that are not reported in the databank. Therefore, to
have the databank reliable and up to date, it may be necessary
in the future to report not only newly discovered sequences and
their features, but also newly identified gene features.

SURVEY OF PROMOTER SEQUENCES

Two consensus hexamers have been identified in E.coli
promoters, TTGACA located about 35 base pairs upstream from
the transcriptional start position (the —35 region), and TATAAT
located about 10 base pairs upstream from the transcriptional start
position (the —10 region), with an average separation of 17
nucleotides between them (201—203). The sequences in the
current compilation are aligned by the experimentally identified
transcriptional start positions. The promoter sequences upstream
to these positions are not marked to allow unbiased use of this
data in future analyses. Nevertheless, we performed several
statistical analyses on the data to examine the conservation of
the consensus hexamers and the spaces between them.

In the first extensive promoter compilation (202), Hawley and
McClure searched for sequences that matched best the two
consensus hexamers determined previously, TTGACA and
TATAAT with a separation of 15—21 nucleotides between them.
The best matches, with the space between the two hexamers
closest to 17 were preferred. Several of the consensus nucleotides
were identified as highly conserved, relative to others. The
frequencies of the consensus bases in that compilation were used
in subsequent analyses (203, 206) as weighting factors for
different positions within the consensus.

For an unbiased allocation of the —35 and — 10 regions in the
sequences of the current database, we used a procedure that is
similar to the one used by Hawley and McClure in their
compilation (202). By this procedure we searched for the best
match to the 12 consensus nucleotides, treating each position
equally. We selected first regions with the highest degrees of
similarity to the 12 nucleotide consensus, with a separation of
15—19 base pairs between the two hexamers. Different
allocations that had equally high matches to the consensus were
ranked according to several hierarchical criteria:
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1) Homogeneous conservation in the two regions was preferred
to a high conservation in one region and a low conservation in
the second region.

2) Sequences with a space of 17 were preferred and spaces of
16 and 18 were chosen secondly.

3) Spaces of 6—8 nucleotides between the transcriptional start
position and the —10 hexamer were preferred.

Table I demonstrates the distribution of bases in consensus
hexamers based on this procedure. The conservation of consensus
bases is very clear, though the degrees of conservation per
position are somewhat different than in previous compilations,
as demonstrated in Table II. For example, the conservation of
the two first T’s in the TTGACA hexamer is less strong in
comparison to Hawley and McClure’s (202) and Harley and
Reynolds’ (203) compilations, while conservation of other bases,
such as the third T in the TATAAT hexamer is higher (44% in
Hawley and McCLure’s compilation, 52% in Harley and
Reynolds’ compilation and 60% here). Differences in the degrees
of consensus base conservation in the different positions of the
—35 and —10 hexamers were also evident in comparisons
between the other compilations. Although the degree of
conservation per position depends on the method of alignment,
a general trend may be seen. In the compilation by Harley and
Reynolds there is a decrease in the degree of conservation in 8
out of 12 positions, in comparison to the previous compilation,
although their alignment used different weights for the different
positions based on the nucleotide frequencies. It seems that with
the increase in the database the degree of conservation is more
uniformly distributed among the consensus positions. Positions
that were identified before as highly conserved show lower
degrees of conservation, and other positions, especially in the
—10 region, show higher degrees of conservation.

There is a high frequency of sequences with a space of 17
nucleotides among the sequences with best matches to the 12
nucleotide consensus, as demonstrated in Table III, with a
symmetric distribution around it. When the sequences are divided
according to the spacer length and the degree of conservation
is compared between the different compilations, the same trend
is seen. The positions that were found to be very strongly
conserved in the two previous compilations show a lower degree
of conservation in the current compilation in all space groups.

Because of the increase in conservation in some positions and
decrease in others, the average conservation does not change
much in comparison to the other compilations. O’Neil (208)
calculated the average conservation in Hawley and McClure’s
compilation to be 8.2 conserved nucleotides per promoter, and
we find in the updated database of mRNA promoter sequences
an average conservation of 7.9 nucleotides. However, as is
demonstrated in Table IV, there are promoters that match the
consensus in only about half the nucleotides and they serve
successfully as the sites for transcription initiation. Conceivably,
the RNA polymerase recognizes a specific configuration of the
promoter that is dictated by the sequence but does not require
complete conservation of the nucleotides. The compiled database
may be used to reveal such sequence dependent characteristics
in E.coli promoters.
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